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Introduction

Since 2020, Lantmäteriet (the Swedish mapping, cadastral, and land registration authority) has installed 
three active electronic transponders and various types of passive corner reflectors at different locations 
across Sweden (Fig. 1). The plan is to further enhance the national geodetic infrastructure by installing 
additional passive reflectors co-located with permanent GNSS stations and absolute gravity points. These 
co-located GNSS stations and corner reflectors are expected to contribute to the development and 
maintenance of geodetic reference frames, as well as the validation of European ground motion services. 
Additionally, this colocation facilitates mapping relative ground motions estimated with InSAR into an 
absolute geodetic reference frame.

In this contribution, we present the installation progress of these transponders and passive reflectors in 
recent years, alongside an experiment for a corner reflector installed at the Mårtsbo Geodetic Observatory. 
To evaluate whether an artificial vertical displacement of a corner reflector (CR) can be detected and 
estimated using the Persistent Scatterer Interferometry (PSI) technique, we simulated it by placing a 9-mm 
thick disk beneath the CR and analysed the results using two software tools: SARPROZ and GECORIS. 
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Apparent RCS for sample station (Norrköping)

Conclusions

An InSAR-based geodetic infrastructure using passive and active reflectors have been developed in 

Sweden which can be useful for geodetic and calibration applications. As an example, the corner 

reflector in Mårtsbo serves as a valuable geodetic device for monitoring ground motion. PSI analysis 

successfully detected the artificial displacement of the corner reflector, with a mm-level accuracy 

when the estimated and simulated displacement were compared. The comparison between 

SARPROZ and GECORIS demonstrated a good agreement in the estimated LOS displacement for the 

corner reflector, indicating that both software tools provide precise results when applying the PSI 

technique.
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This work used freely available Sentinel-1 data, as well as the GECORIS and SNAP toolboxes for 
data analysis. A demo version of SARPROZ was also used for part of the processing.

Data analysis and results

For SAR data analysis, Sentinel-1 data, GECORIS toolbox (Czikhardt et al., 2021) and SNAP Sentinel 
Application Platform v9.0.0, and SARPROZ software (partially) were used. 
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The map shows 
different ascending 
and descending 
Sentinel-1 tracks 
used for analysis of 
the apparent RCS of 
the CR. The CR type 
is  squared 60 cm 
inner leg size, back 
flipped. The top 
scatter plot shows  
the absolute SAR 
positioning 
corrections for the 
CR which has in 
average 22 dB 
Signal-to-Clutter 
Ratio (SCR).  The 
bottom scatter plot 
shows the RCS 
variations for two 
ascending and three 
ascending tracks. 

Skellefteå Visby

Mårtsbo (ECR)

Sample photos from CR and 
ECRs (CATs) and their location 
map. The image below shows 
double back flip squared CR 
with snow cover, 73 cm inner 
leg size which is the most 
common type of CR installed so 
far in Sweden.
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Key info for CR/ECR installations/experiments

• 2020-2025 – Installation of 3 ECRs and 19 CRs, getting the permission was(is) the main problem! 
• Two more CRs in the house for installation in the north, waiting for permissions.
• 2/3 of ECRs (one at Kobben one at Mårtsbo) were broken last year. No ECR at Kobben now but soon will 

be replaced. 
• We submitted our CRs and ECRs to SARCalNet database (https://www.sarcalnet.org/), under review.
• CR/ECR performance, multipath, and PSI analysis. So far, used Gecoris and SNAP. Started testing SARvey.  
• CR experiment (artificial displacement of the CR at Mårtsbo) and PSI analysis

No horizontal movements →

LOS to vertical displacements

Two artificial displacements of the CR: the addition and 
removal of a 9-mm thick disc. The disc was mounted on 
February 27, 2024, causing a vertical displacement of the 
CR apex. It was removed on July 10, 2024.

SCR and RCS, snow effect on CR installed in Överkalix
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~8 mm~9 mm

27 Feb 2024, disc added
10 July 2024, disc removed

Asc. 29

LOS 
displacement 
error as a 
function of 
estimated 
signal-to-clutter 
ratio (SCR) 
(Garthwaite et 
al., 2015).

CR experiment: artificial displacement

Trihedral 
triangular 
corner reflector 
(1m inner leg) 
oriented for 
Sentine-1, 
ascending. 
Average SCR for 
3 ascending 
tracks 15 dB.
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